In this paper, we apply for the first time the moving-windows application of the Poisson's theorem to the synthetic gravity and magnetic data, followed by calculations of the correlations of the Bouguer gravity and aeromagnetic data of Western Anatolia. The correlation coefficient, slope and intercept parameters were generated from the internal correlations existing between the gravity and magnetic anomalies. Relative negative correlation values of positive gravity and negative magnetic anomalies were found on the Menderes Massif and in the southern part of the Marmara sea. Higher heat flow values were also obtained from these regions. The negative correlation values can be seen on a profile taken along the 28
Introduction
With the help of Poisson's theorem, the relation between magnetic and gravitational potentials due to the same source having uniform density and magnetization contrast can be given free from the shape and position of the source. Poisson's theorem has been applied in various methods to several analyses including, for example, the determination of anomaly source magnetization to density ratios (Garland, 1951; Kanasewich and Agarval, 1970) and of the direction of source magnetization (Ross and Lavin, 1966; Cordell and Taylor, 1971) . The correlation of potential field data sets including the anomalies has generally been made by visual fitting without using any equation. Chandler et al. (1981) , however, suggested a new method of analysis based on the Poisson's theorem for calculating the correlation of the gravity and magnetic anomalies.
Poisson's theorem was developed by considering the anomalies within a data set generated from a single source. Only one correlation values set was calculated by using this relationship between the gravity and magnetic data for the region under consideration. Chandler et al. (1981) applied the Poisson's theorem to divided regions by using the moving windows method. Accordingly, they calculated a number of correlation values for the area under study instead of only one. Chandler et al. (1981) first applied this method to synthetic models, but they subsequently obtained successful results when they applied the methods to the gravity and magnetic anomalies in and around Michigan and Lake City. von Frese et al. (1982) also calculated the correlations using Poisson's theorem through the application of the Copyright c The Society of Geomagnetism and Earth, Planetary and Space Sciences (SGEPSS); The Seismological Society of Japan; The Volcanological Society of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences; TERRAPUB. moving window method to the gravity and magnetic data of North America. In their study an inverse relationship was observed between long-wavelength gravity and magnetic anomalies over the continental terrain. The areas of negative gravity and positive magnetic anomalies were found to be characterized by relatively thick crust and high magnetization, whereas the negative magnetic and positive gravity anomalies were characterized by a thinner crust and higher heat flow. Akdogan (2000) correlated the gravity, magnetic and heat flow anomalies for a region located between 38
• and 40
• N and 26
• and 30
• E in Turkey and found that positive magnetic and high negative gravity anomalies were correlated with thick acidic and basic intrusive rocks.
This study aims at providing an understanding of the crustal and thermal structure of Western Anatolia by taking the tectonic structure into account. The method of Chandler et al. (1981) was first applied to the synthetic models. The correlation coefficients, slope and intercept values of the Bouguer gravity and aeromagnetic data of the Western Anatolia were then calculated, and these are discussed with special attention to geological and geothermal structure.
Method and Application to the Synthetic Data
The relationship between gravitational (U ) and magnetic (V ) potentials arising from a common, isolated source was shown by Poisson to be
where J =anomalous source magnetization, σ =anom-alous source density, i=direction of source magnetization and G=universal gravitational constant. For this simple linear relationship to be valid, the isolated source must have a uniform density and magnetization contrasts. This relationship, however, is independent of the shape and position of the source.
Poisson's theorem can be modified to express the relationship between the total magnetic intensity anomaly reduced to the pole (T z ) and the gravity anomaly (g)
where ∂g/∂z is the first order vertical derivative of the gravity anomaly. Equation (2) can be written as
if regional-scale anomalies are taken into consideration. "A" is the intercept coefficient which gives the anomaly base-level for the data within the window intercept coefficient caused by long-wavelength anomaly components. By substituting B and X instead of ( J/ σ ) and (1/G)(∂g/∂z), respectively, in Eq. (3), we get a linear equation as where A is the intercept and B the slope value of the correlation between the gravity and magnetic anomalies. The correlation values can be obtained by using a moving-window Poisson's analysis for multi-source gravity and magnetic data set (Chandler et al., 1981) . A single rectangular prism and superimposed rectangular prisms were taken for testing the method by using synthetic data. Parameters of the models are given in Table 1 and 2, respectively. The direction of magnetization of the models is assumed to be that of the earth's magnetic field. The sampling interval of the data is taken as 1 km.
Single rectangular prism
The gravity and magnetic anomalies of the model that were calculated using the parameters presented in Table  1 are given in Fig. 1 (a) and (b). In the subsequent test to derive information on the size of the source, the gravity and magnetic anomalies of this model are contaminated by 5% and 6.5% Gaussian noises which have the standard deviations as 0.19 mgal and 1.09 nT, respectively. The contaminated synthetic gravity and the magnetic anomalies are given in Fig. 1(c) and (d) . The vertical derivative of the gravity and magnetic intensity anomaly reduced to the pole by using the contaminated data are given in Fig. 1 (e) and (f). These values reduced to the pole and first derivatives are calculated numerically using the PF The correlation coefficient, slope ( J/ σ ) and intercept values were calculated to obtain the relationship between contaminated gravity and magnetic data using different lengths of windows, such as 7, 9, 11, 13, 15 and 17 km. The calculated variations in the parameters for each length of window are given in Fig. 2(a) -(c) along the AB profile (see Fig. 1 for the location of the profile). The value of the correlation coefficient was suitably approximated to 0.8 when the length of the window was taken as 17 km at the center of the model mass; otherwise, it remained well below 1 (Fig. 2(a) ). The value of the ( J/ σ ) ratio in the model is taken as 0.002 cgsemu. This value was obtained as zero around the center of the mass using 7 and 9 lengths of windows. However, the ( J/ σ ) ratio is calculated as being very close to 0.002 cgsemu by using other window lengths.
Two Vertically superimposed rectangular prisms
The vertical superimposed rectangular prism is 10×10 km in cross-section. The top of the upper source is at a depth of 0.1 km, while that of the lower source is at a depth of 5 km. The density contrasts for upper and lower sources are 0.1 and 0.5 cgs, respectively ( Table 2 ). The magnetization contrast of each prism is taken 0.001 cgsemu.
The gravity and magnetic anomalies of this model are both contaminated by 3% Gaussian noises which have standard deviations of 0.1 mgal and 1.78 nT, respectively. The correlation coefficient, slope ( J/ σ ) and intercept profiles ( Fig. 3(a) -(c)) were obtained for above-mentioned window lengths from the vertical derivative of the gravity and magnetic intensity anomalies reduced to the pole.
Window length selection
The relationship between window length and model parameters are clearly seen in Figs. 2(a)-(c) and 3(a)-(c) . According to these figures, the correlation coefficient, slope and intercept values exhibit sudden changes at the center of the model when the window length has a small value such as 7 or 9. The maximum points of these variations (the AA points in Figs. 2 and 3) show very good fit with the boundaries of the model. The above-mentioned variations disappear when the window length has a relatively larger value such as 13, 15 and 17.
In conclusion, the large window length can provide general features about the structures.
A length smaller than the width of the structures must be selected when the aim is to designate the boundaries of the structures. 
Application to the Gravity and Aeromagnetic Data of Western Anatolia
The area under study is approximately between 36
• and 41.5
• N and 27
• E in Turkey. The geological units and tectonic structures are shown in Fig. 4 . The Bouguer gravity map was prepared by the Mineral Research Institute of Turkey, while the magnetic anomaly map was obtained after removing the main field using the algorithm of Malin and Barraclough (1981) . The data are projected on a plane using the Albers projection. Before the application of Poisson's theorem to the gravity and magnetic data, upward continuation to 5 km was applied to the Bouguer Fig. 7 . Curie point depths and heat flow map of Western Anatolia (Dolmaz et al., 2005) .
gravity and aeromagnetic data to obtain the regional effects of large and deeper geological masses. First order vertical derivatives were then taken ( Fig. 5(a) ). Reduction to the pole process was applied to the upward projecting aeromagnetic data, which were obtained by removing the main field value of 1982. This map is given in Fig. 5(b) . Determination of the length of the window is important when the correlation coefficient, slope and intercept values between gravity and magnetic data have been obtained using Poisson's theorem. The width of the grabens in Western Anatolia changes between 2 and 20 km. However, there are also great geological structures which are covered by large areas, such as the Menderes Massif (this massif is indicated by dashed lines in Fig. 5(a) and (b) ). For this reason we decided to obtain a window size that was sevenfold larger than the sampling interval of the data. When the sampling interval is taken as 5 km, the window size will be 35 km, so it is possible to see the effect of graben structures on the correlation values between the gravity and magnetic anomalies.
The correlation coefficients, slope and intercept values obtained from the linear relationship of Eq. (3) with the moving window applied to the first order vertical derivative of Bouguer anomaly and aeromagnetic data reduced to the pole are given in Fig. 6(a), (b) and (c), respectively. The main faults in Western Anatolia are also shown in these figures.
The southern part of the Marmara Sea is characterized by aligned positive gravity and negative magnetic anomalies when we compare the first order vertical derivative gravity anomaly dotted lines on Fig. 5(a) and the magnetic maps reduced to the pole dotted lines on Fig. 5(b) . Pfister et al. (1998) • and 39
• N and 27.5
• and 28.5
• E, is almost +0.8, while this coefficient is calculated to be −0.8 on the sedimentary structure of the Menderes Massif. The slope ( J/ σ ) values, which generally vary between +0.005 and −0.005, are related to the kind of the geological formations. The magnetic anomalies have quite low intensities while positive and negative gravity anomalies are seen below the latitude of 38
• N (see Fig. 5 (a) and (b)). Therefore, the slope variations are most likely to depend on the density contrast. The surrounding area of the Menderes Massif shows a negative correlation associated with decreasing magnetic and increasing positive gravity anomalies. This may result from the presence of thick sedimentary grabens formed under the effect of extensional tectonic regime.
The general characteristics of the correlation parameters of the Bouguer gravity and the aeromagnetic anomalies are clearly exemplified by a profile that is crossing the faults, grabens and horsts along the 28
• E longitude, as illustrated in Fig. 8 . The Bouguer gravity and magnetic anomalies, magnetic anomalies reduced to the pole, first order vertical derivative of the gravity anomalies, correlation coefficients, variation of the intercept and slope values, simplified geological cross section and Curie depth profile are shown in this figure.
Several characteristic features of these values correspond to the underground geology as follows:
(1) The variation in the correlation coefficients illustrates inverse correlations on the Menderes Massif and in the southern part of the Marmara Sea. This negative correlation may be related to the presence of a relatively thick crust and high heat flows, as stated above.
(2) The Lycian nappes and the Menderes Massif consist mainly of sedimentary and metamorphic rocks, respectively, which have small magnetization and high density contrasts.
(3) The fluctuation on the slope variation around 38
• N latitude corresponds to highly magnetized granitic plutons intruding into the metamorphic rocks of the Menderes Massif.
(4) The variations in correlation coefficients, intercept and slope fluctuations on the 39.5
• and 41
• N latitudes show very good similarity with the shape of movingwindow regression parameters for two vertically superimposed sources, as shown in Fig. 3 . These variations on the correlation coefficients and the others could be related with the boundaries of the Karakaya complex and Sakarya continent, as mentioned in the section on the selection of the lengths of the windows.
(5) The Sakarya plate is placed approximately between 39.5
• N in Fig. 8 . The Thrace Basin and the Karakaya complex, including volcanic, metamorphic and sedimentary rocks, are placed in the northern and southern parts of the Sakarya Continent, respectively. The Marmara Sea Basin, filled by 2-km-thick sediments, is situated between the Thrace Basin and the Sakarya plate. The gneiss-amphibolite basement of the Sakarya Continent is also present beneath the Thrace and Marmara Sea Basins. The obtained shape of the regression parameters over two different structures, such as the gneiss-amphibolites basement and its sedimentary cover, shows very good agreement with the calculated model of two vertically superimposed sources.
(6) Small slope values are obtained for the Marmara Sea (Fig. 6 (b) ). In our opinion these small slope variation values on the Marmara Sea could be related to the North Anatolian Fault Zone.
Conclusion
Regression parameters of gravity and magnetic anomalies over Western Anatolia were calculated, satisfying the theoretical considerations of Poisson's theorem in regions of common potential field sources. The obtained correlation coefficient map indicates either positive or negative values related to the geological formations and geothermal areas, such as the southern part of Marmara Sea, over and around the Menderes Massif and over the graben structures of Western Anatolia.
Two different structures, such as gneiss and amphibolites, beneath the Karakaya complex and Thrace Basin show similarities with the calculated model of two vertically superimposed sources. The variations in the correlation coefficients, slope and intercept values could also be related with the boundaries of such structures as the Karakaya complex, Sakarya continent and Istranca massif.
